Abstract. -Measurements of the transverse magnetoresistance on natural single crystals of pyrrhotite FeS1.14 revealed a phenomenon of the order
The shape of the curves Ap/ p (0) vs. B for different temperatures is explained and the magnitude of the magnetoresistance can be adequately forseen by the s-d model.
Theory a n d material
A quantitative theory of magnetoresistance in heavily-doped antiferromagnetic semiconductors has been developed by Nagaev et al. based on the s-d model [I, 21 . The basic idea is that indirect exchange via the conduction electrons tends to establish a ferromagnetic ordering a fact that differenciates the magnetization of regions of unequal electron concentration due to impurities 131. These spatial fluctuations of magnetization cause a particularly strong scattering of the carriers.
This theory predicts that,
for B << B,, where B, is the magnetic field which polarizes completely the electron-spins. A is the s-d exchange parameter, p is the Fermi energy of the carriers, nA the critical concentration of electrons at which the antiferromagnetic order becomes unstable, n the concentration of carriers and M is the crystal magnetic moment per atom. We have that M = (B.S) / BF where B is the magnetic field, S the spin of the Fe atom and BF the saturation magnetic field, at which both sublattices of the antiferromagnet become parallel to each other. For B > B, the magnetoresistance ceases to be a function of the field, reaching a saturation value given by the equation:
The two equations above predict a magnetoresistance which is negative for n < 0. Experimental data on the rare earth compounds EuSe, EuS, EuTe [4, 51 and Gd2S3 [6] are in excellent agreement with this theory. It is not known though if this is also true for transition element semiconducting compounds, because magnetoresistance data are lacking. This prompted us to carry out magnetoresistance measurements on natural single crystals of pyrrhotite.
Natural pyrrhotite FeS1.14 is a heavily-doped [7, 81 ferrimagnetic semiconductor with a distorted NiAs structure, in which successive planes perpendicular to the c-axis are occupied exclusively by iron atoms with their magnetic moments antiferromagnetically aligned. The iron vacancies are ordered in every second plane forming a superstructure [9] and making the compound ferrimagnetic.
Spectroscopical data give the value A = 0.25 eV for the s-d exchange parameter in high-spin Fe, from which an AS = 0.5 eV is concluded. On the other hand, from Hall effect and thermopower measurements a Fermi energy /I = 0.14 eV was deduced for pyrrhotite [lo, 111 , which is less than half the s-d exchange energy.
Measurements a n d results
The transverse magnetoresistance was measured by the four probe DC method for temperatures ranging from 88 to 607 K, beyond the N6el point TN 600 K of pyrrhotite and for magnetic fields from 0 to 7 000 G in 500 G intervals with B // c. Three typical curves at different temperatures are presented in figure 1.
Discussion and conclusions
The critical carrier concentration n~ is given by the equation, nA = ( 4 k T~) / AS^^) where k is the Boltzmann constant and a the distance between nearest atoms in the lattice [3] . For pyrrhotite, where TN -600 K, S = 2, A = 0.25 eV and a = 3.1 x lo-' cm, the last equation gives nA = 3.0 x lo2' crnW3.
According to the theory, the magnetoresistance is negative for low magnetic fields, becoming positive for higher fields, only if the carrier concentration n lies in and 376 K in figure 1 suggests that n must lie in the range 3.0 -3.8 x 10'' ~m -~, as it is predicted by the theory above. Taking into account the approximate character of n A and n calculation, we can say that the shape of the magnetoresistance curves agrees well with the experimentally deduced carrier concentration.
The theory gives the exact shape of the magnetore- respectively. In both cases the maximum B = 7 kG used in the experiments, is too weak to reach saturation. Equation (1) fits very well the first experimental points of the curves at T = 308 K and 376 K with n = 3.8 and n = 4.0 x 10'' cme3 respectively. Moreover, the fact that the magnetoresistance takes higher values for higher temperatures at B << B,, can be explained as a result of an increase of n and BF with temperature, according to equation (1).
The fact that the shape of the magnetoresistance curves is sensitive to the carrier concentration, can give a possible explanation of the oscillatory shape of the curve at T = 606 K. Because of the strong s-d exchange interaction, the change of magnetization induced by a magnetic field can affect appreciably the splitting of energy bands into sub-bands of + and -spins, leading to a corresponding change of n with B.
In conclusion we see that the theory outlined above can predict the magnitude of the magnetoresistance and in most cases the exact shape of the curves, for FeS1.14.
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